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© A hydraulic controller for an automatic transmis- 
sion, having a band brake having a large stopping 
force based on a self-boosting effect against rotation 
in a self-binding direction and having a compara- 
tively small stopping force against rotation in the 
unbinding direction, a modulator valve for producing 
a modulator pressure by reducing a line pressure, a 
band brake hydraulic servo having a brake engaging 
hydraulic chamber and a brake releasing hydraulic 
chamber. A line pressure is supplied to the band 
brake hydraulic servo to stop rotation in the self 
binding direction when a predetermined transmission 



speed Is selected. The line pressure is also supplied 
the band brake hydraulic servo to stop rotation in the 
unbinding direction when another transmission 
speed is selected. A modulator pressure is supplied 
to the brake engaging hydraulic chamber to stop the 
rotation in the self-binding' direction of the band 
brake and to allow the rotation in the unbinding 
direction when an intermediate speed is selected. 
The risk of any shift from the predetermined speed 
to another speed via the intermediate speed is elimi- 
nated, thereby enabling the transmission to be shift- 
ed always correctly while reducing shift shocks. 



Fig. I 
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HYDRAULIC CONTROLLER FOR AN AUTOMATIC TRANSMISSION 



BACKGROUND OF THE INVENTION 

This invention relates generally to automatic 
transmissions mounted on motor vehicles and, 
more particularly, to an automatic transmission ca- 
pable of being suitably mounted on a front engine 
front drive type small vehicle which requires a 
reduction in the size of the transmission. More 
specifically, the present invention relates to a hy- 
draulic controller for changing over the speed of an 
automatic transmission with a band brake. 

Conventionally, in ordinary automatic transmis- 
sions, a controller operates a one-way clutch at the 
time of shifting to a predetermined transmission 
speed to prevent occurrence of a shift shock caus- 
ed by clutching changeover of two frictional en- 
gagement elements (e.g., a clutch and a brake). 

A type of controller which operates no one-way 
clutch at the time of shifting to a predetermined 
transmission speed, e.g., a controller which re- 
leases a band brake while engaging a clutch is 
known. In this controller, the timing of supplying a 
clutch engaging pressure or a band brake releasing 
pressure produced from the clutch engaging pres- 
sure is controlled by means of an orifice control 
valve. 

Another type of controller is known which in- 
cludes a release valve for simultaneously operating 
two frictional engagement elements. The release 
valve is controlled by a solenoid valve so that when 
one of two frictional engagement elements is re- 
leased, the other is engaged simultaneously (refer 
to Japanese Lald-Open Patent No.62-31741). 

However, these types of hydraulic controllers 
for automatic transmissions entail drawbacks de- 
scribed below. The hydraulic controller using a 
one-way clutch can prevent occurrence of a shift 
shock caused by clutching changeover of the fric- 
tional engagement elements but requires a mul- 
tiplicity of one-way clutches for enabling smooth 
shifting in addition to a multiplicity of clutches and 
brakes for ordinary use. It therefore makes it dif- 
ficult to reduce the overall size of the automatic 
transmission particularly in the axial direction. In 
some case, the automatic transmission cannot be 
mounted on a small motor vehicle In which the 
automatic transmission mount space is restricted. 

In the case of the controller which controls the 
timing of supplying clutch engaging pressure or 
band brake releasing pressure by using an orifice 
control valve, the automatic transmission size can 
be reduced. However, the range of changes in the 
throttle opening or vehicle speed In which the sup- 
ply timing can be changed over is limited, and it is 
difficult to change over the supply timing with re- 



spect to the whole range of changes; there is a 
possibility of occurrence of a large shift shock. The 
orifice control valve necessitates a complicated 
control process which increases the cost of the 

5 automatic transmission. This controller is also un- 
satisfactory In terms of reliability because there is a 
possibility of the supply timing being shifted by 
hydraulic pressure dispersion or changes in fric- 
tional characteristics and viscosity with respect to 

to time. 

The controller using a solenoid valve and a 
release control valve for timing control necessitates 
a complicated and expensive electrical control sys- 
tem. It is therefore difficult to apply this type of 
75 controller to automatic transmissions for smalf ve- 
hicles manufactured under various restrictions. 



SUMMARY OF THE INVENTION 

20 

It is an object of the present invention to pro- 
vide an automatic transmission hydraulic controller 
which is free from the problems of the conventional 
hydraulic controllers for automatic transmissions, in 

25 which a modulator pressure is supplied to a hy- 
draulic servo for a band brake and the difference 
between stopping forces of the band brake with 
respect to the self-binding and unbinding directions 
is utilized to enable the transmission to be shifted 

30 to a selected speed always correctly without any 
substantial shift shocks, and which enables a re- 
duction in the overall size of the transmission to 
improve the performance in terms of mounting on 
vehicles. 

35 An automatic transmission hydraulic controller 
in accordance with the present invention has a 
band brake provided around a certain element of a 
shift gear mechanism, the band brake having a 
large stopping force by a self-boosting force 

40 against rotation In a self-binding direction and hav- 
ing a comparatively small stopping force against 
rotation in the unbinding direction; a modulator 
valve for producing a modulator pressure by reduc- 
ing a line pressure; and a band brake hydraulic 

45 servo having a brake engaging hydraulic chamber 
and a brake releasing hydraulic chamber. 

The brake engaging hydraulic chamber of the 
band brake hydraulic servo is supplied with the line 
pressure to stop rotation in the self-binding direc- 

60 tlon of the band brake when a predetermined trans- 
mission speed is selected. The brake engaging 
hydraulic chamber is supplied with the line pres- 
sure to stop rotation in the unbinding direction of 
the band brake when another transmission speed is 
selected. The brake engaging hydraulic chamber is 



09/12/2004, EAST Version: 1.4.1 



3 



EP 0 405 590 A2 



4 



supplied with the modulator pressure to stop rota- 
tion in the self-binding direction of the band brake 
and to allow rotation in the unbinding direction 
when an intermediate transmission speed is se- 
lected. 

At time of up-shifting from the predetermined 
transmission speed (e.g., second speed) or down- 
shifting from the predetermined speed, therefore, 
the transmission can be prevented from shifting by 
being temporarily set to the other speed (e.g., 
fourth speed) related to the operation of the band 
brake. 

Thus, this controller enables the transmission 
to be operated for a predetermined shift (e.g., 2nd 
— 3rd up-shift or 3rd - 2nd down-shift) without any 
substantial shift shock with respect to the whole 
ranges of throttle pressure and vehicle speeds, 
although it is designed to improve the performance 
in terms of mounting on a vehicle by removing 
one-way clutches for a reduction in the transmis- 
sion size. 

The modulator valve has a line pressure supply 
port, a pressure modulation port, a feedback port, 
and a restraining control oil chamber. 

The restraining control oil chamber is supplied 
with a restraining hydraulic pressure to provide a 
direct communication between the line pressure 
supply port and the pressure modulation port to 
establish a line pressure supply state when each of 
the predetermined transmission speed and the oth- 
er transmission speed is selected. The restraining 
control oil chamber is supplied with no restraining 
hydraulic pressure to produce the modulator pres- 
sure at the pressure modulation port when the 
intermediate transmission speed is selected. 

This arrangement ensures that the transmission 
can be smoothly shifted from the predetermined 
transmission speed to the intermediate speed or 
from the intermediate speed to the predetermined 
speed without being operated via another shift 
stage. When the predetermined transmission speed 
or the other transmission speed is selected, line 
pressure is supplied to the brake engaging hydrau- 
lic chamber to firmly engage the band brake at a 
sufficient braking capacity. 

A frictiona! engagement element capable of 
being held in an engaged state when each of the 
other transmission speed and the intermediate 
transmission speed is selected, and a frictional 
engagement element hydraulic servo for operating 
this frictional engagement element are provided. 

The modulator valve has another control oil 
chamber for receiving hydraulic pressure for its 
operation from a throttle pressure control valve, 
along with the line pressure supply port, the pres- 
sure modulation port, the feedback port and the 
restraining control oil chamber. 

It is thereby possible to suitably control the 



changeover timing by controlling the hydraulic 
pressure supplied to the brake engaging hydraulic 
pressure and to thereby achieve smooth shifting at 
the time of shifting from the predetermined trans- 

5 mission speed to the intermediate transmission 
speed or from the intermediate speed to the pre- 
determined speed. 

A modulator control valve is be connected to 
the modulator valve. The modulator valve can be 

io operated with the modulator control valve. 

The modulator control valve has a first input 
port, a second input port, an output port commu- 
nicating with the restraining control oil chamber of 
the modulator valve, and a control oil chamber 

15 communicating with the frictional engagement ele- 
ment hydraulic servo. 

The first input port and the output port commu- 
nicate with each other to supply hydraulic pressure 
from the first input port to the restraining control oil 

20 chamber of the modulator valve when the control 
oil chamber is supplied with no hydraulic pressure. 
The second input port and the output port commu- 
nicate with each other to supply hydraulic pressure 
from the second input port to the restraining control 

25 oil chamber of the modulator valve when the con- 
trol oil chamber is supplied with hydraulic pressure. 

According to this arrangement, the brake en- 
gaging hydraulic chamber can be positively and 
rapidly supplied with the line pressure when the 

30 predetermined transmission speed (e.g., second 
speed) or the other transmission speed (e.g., fourth 
speed). Also, the transmission can be rapidly and 
smoothly up-shifted from the predetermined trans- 
mission speed or the other transmission speed 

35 (e.g., 1st — 2nd speed up-shift or 3rd — 4th up- 
shift) or down-shifted from the other speed to the 
predetermined speed. 

The brake releasing hydraulic chamber of the 
band brake hydraulic servo is connected to a tim- 

40 ing valve. This timing valve has a line pressure 
supply port, a port communicating with the brake 
releasing hydraulic chamber, and a control oil 
chamber communicating with the frictiona! engage- 
ment element hydraulic servo. 

45 When the frictional engagement element hy- 
draulic servo is supplied with hydraulic pressure 
and when this pressure reaches a predetermined 
level, the line pressure supply port and the port 
communicating with the brake releasing hydraulic 

so chamber communicate with each other. 

According to this arrangement, the brake re- 
leasing hydraulic chamber is rapidly supplied with 
hydraulic pressure when the hydraulic pressure of 
the frictional engagement element hydraulic servo 

55 reaches the predetermined level, thereby effecting 
suitable timing between the engagement of fric- 
tional engagement element and the release of the 
band brake. Specifically, It is possible to prevent a 
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shift via an undesignated transmission speed (e.g., 
2nd -+ 1st — 3rd speed shift) owing to an ad- 
vanced timing of releasing the band brake. Accord- 
ingly, in cooperation with the above-mentioned 
supply of the modulator pressure to the brake 
engaging hydraulic chamber, this timing control of 
the band brake enables the transmission to be 
shifted smoothly without failure (for. e.g., 2nd -* 
3rd speed or 3rd — 2nd speed shift). 

The timing valve has a second control oil 
chamber for receiving hydraulic pressure for its 
operation from a throttle pressure control valve, 
along with the line pressure supply port, the port 
communicating with the brake releasing hydraulic 
chamber and the control oil chamber. 

According to this arrangement, the changeover 
of the timing valve can be. controlled so as to 
correctly effect the timing of clutching changeover 
between the frictional engagement element and the 
band brake. 

The brake releasing hydraulic chamber of the 
band brake hydraulic servo is connected to a third 
shift valve. 

The third shift valve has a port communicating 
with the frictional engagement element hydraulic 
servo, a port communicating with the brake releas- 
ing hydraulic chamber, a port communicating with 
the second input port of the modulator control 
valve, a line pressure supply port and a drain port 

The third shift valve provides a communication 
between the port communicating with the frictional 
engagement element hydraulic servo and the port 
communicating with the brake releasing hydraulic 
chamber as well as a communication between the 
port communicating wfth the second input port and 
the drain port when it is set to a predetermined 
changeover position. 

The third shift valve closes the port commu- 
nicating with the frictional engagement element hy- 
draulic servo and provides a communication be- 
tween the port communicating with the brake re- 
leasing hydraulic chamber and the drain port as 
well as a communication between the line pressure 
supply port and the second input port when it is set 
to another changeover position. 

According to this arrangement, when the other 
transmission speed (e.g., fourth speed) is selected, 
the modulator valve can be restrained in a line 
supply state to positively maintain this transmission 
speed, and a shift via an undesignated transmis- 
sion speed can be prevented, in a case where the 
transmission is shifted from the other speed to the 
predetermined speed (for example, from the fourth 
speed to the second speeds in a skip-down-shifting 
manner, the transmission can be shifted by one 
operation while the band brake is maintained in the 
engaged state without being released, thereby ef- 
fecting kick-down rapidly and smoothly. 



A first shift valve and a second shift valve are 
provided along with the third shift valve. 

The first shift valve has a line pressure supply 
port, an output port communicating with the line 
s pressure supply port of the modulator valve, and a 
drain port 

The first shift valve provides a communication 
between the line pressure supply port and the 
output port when set to a predetermined chan- 

70 geover position, or it closes the line pressure sup- 
ply port and provides a communication between 
the output port and the drain port when set to 
another changeover position. 

The second shift valve has an input port com- 

75 municating with the output port of the first shift 
valve, an output port communicating with the fric- 
tional engagement element hydraulic servo, a drain 
port, a line pressure supply port, and a port com- 
municating with the first input 'port of the modulator 

so control valve. 

The second shift valve closes the input port 
and provides a communication between the output 
port and the drain port as well as a communication 
between the line pressure supply port and the port 

25 communicating with the first input port of the 
modulator control valve when set to a predeter- 
mined changeover position. 

The second shift valve provides a communica- 
tion between the input port and the output port as 

30 well as a communication between the port commu- 
nicating with thB first input port of the modulator 
control valve and the drain port when set to another 
changeover position. 

The band brake comprises a brake capable of 

35 being engaged when a forward second speed is 
selected and capable of being engaged when a 
forward fourth speed is selected. The frictional en- 
gagement element comprises a clutch capable of 
being engaged when a forward third speed is se- 

40 lected and capable of being engaged when a for- 
ward fourth speed is selected. The first shift valve 
comprises a 1-2 shift valve changed over for a shift 
between the first and second speeds. The second 
shift valve comprises a 2-3 shift valve changed 

45 over for a shift between the second and third 
' speeds. The third shift valve comprises a 3-4 shift 
valve changed over for a shift between the third 
and fourth speeds. 

Other features of and details of the structure of 

50 the automatic transmission hydraulic controller in 
accordance with the present invention will become 
apparent upon reading the following description 
with reference to the accompanying drawings. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a hydraulic control- 
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ler in accordance with an embodiment of the 
present invention, showing essentia) compo- 
nents thereof; 

Fig. 2 is a cross-sectional view of a first brake 

and a hydraulic servo for this brake; 

Rg. 3 is a schematic diagram of a shift gear 

mechanism of the automatic transmission; 

Rg. 4 is a diagram of the operation of the 

transmission; 

Rg. 5 is a circuit diagram of the whole of the 
hydraulic controller in accordance with the 
present invention; 

Rg. 6 is a circuit diagram of a part of the 
hydraulic controller in accordance with the 
present invention; and 

Rg. 7 is a circuit diagram of another embodi- 
ment of the present invention based on a partial 
modification of the first embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

As shown in Fig. 3, a four-speed automatic 
transmission A to which an automatic transmission 
hydraulic controller in accordance with the present 
invention is applied has a torque converter 50 
having a lock-up clutch L/C, a four-speed shift gear 
mechanism 1 , a reduction gear mechanism 51 and 
a differential unit 52. 

The four-speed shift gear mechanism 1 has a 
planetary gear unit 12 in which a single planetary 
gear 10 and a dual planetary gear 11 are con- 
nected, and in which sun gears S1 and S2 are 
formed integrally. For example, the sun gears S1 
and S2 have equal numbers of teeth^ and are 
formed as one gear S. Pinions P1 and Pi' meshing 
with the sun gears S1 and S2 are also integrally 
formed of, for example, one long pinion. A carrier 
CR is also formed integrally on which the pinions 
P1 and pi' are supported and on which a pinion 
P2 meshing with a ring gear (hereinafter referred to 
as "large ring gear") R2 of the dual planetary gear 
1 1 is supported. 

An input shaft 15 extending from an output 
member of the torque converter 50 is connected to 
a connection member 16 through a first clutch C1 
and is also connected to the sun gear S through a 
second clutch C2. A third clutch C3 and a second 
one-way clutch F0 are connected between the con- 
nection member 16 and a ring gear (hereinafter 
referred to as "small ring gear") R1 of the single 
planetary gear 10. A fourth clutch CO is connected 
between the connection member 16 and the large 
ring gear R2. The sun gear S is capable of being 
restrained by a first brake B1 which comprises a 
band brake. A second brake B2 and a first one-way 
clutch F1 are connected between the large ring 
gear R2 and a case. The carrier CR is connected 



to an output gear 13 which is positioned generally 
at the center of the four-speed shift gear mecha- 
nism 1. 

The first brake B1 has a large restraining force 

6 based on its self-boosting force against rotation in 
a self-binding direction A. but has a comparatively 
small restraining force against rotation in an un- 
binding direction B opposite to the self-binding 
direction A. The first brake B1 serves to achieve a 

to predetermined transmission speed (e.g., second 
speed) by restraining rotation in the self-binding 
direction A and to achieve another transmission 
speed (e.g., fourth speed) by restraining rotation in 
the unbinding direction B. 

is The reduction gear mechanism 51 has a coun- 
ter shaft 54 rotatably supported on the case. Large 
and small gears 53 and 55 constantly meshing with 
the output gear 13 are fixed to the shaft 54. The 
differentia) unit 52 has a differential pinion 56, and 

20 left and right side pinions 57a and 57b which mesh 
with each other and which are fixed to the left and 
right front axles 59a and 59b. A differential carrier 
60 which supports the differential pinion 56 is 
rotatably supported on the case. A ring gear 61 is 

25 attached to the differential carrier 60 to always 
mesh with the small gear 55. 

As shown in Rg. 2, the band brake, i.e., the 
first brake B1 has a band 62 which is connected to 
the case at its one end 62a. The band 62 is wound 

30 around a drum 63 which is integrally connected to 
the sun gear S. An end 62b of the band 62 is 
disposed adjacent to a piston rod 69a of a hydrau- 
lic servo Bi described later. 

On the other hand, a hydraulic controller U has 

35 hydraulic servos Ci, C2, C3, Co, Bi, and B 2 for 
operating the clutches C1, C2, C3, and CO and the 
brakes Bi and B2, respectively, as shown in Rg. 5. 
Accumulators 2i, 2 2 , 2 3 , and 2* are disposed in 
parallel with the hydraulic servo C1 for the first 

40 clutch C1 , the hydraulic servo C 2 for the second 
clutch C2, the hydraulic servo Co for the fourth 
clutch CO, and the hydraulic servo Bi for the first 
brake BI. A manual valve 62 is operated by the 
driver to change over oil passages to shift the 

45 transmission speed to each speed range. That is, 
the manual valve 62 is changed over so as to make 
a line pressure oil passage Pl communicate with a 
port D for a range D, with the port D and a port 3 
for a range 3, with the port D, the port 3 and a port 

50 2 for a range 2, or with a port R for a range R. 

A primary regulator valve 3 receives a throttle 
pressure and hydraulic pressures supplied from the 
range R port and so on as signal pressures, and 
suitably controls a hydraulic pressure from an oil 

55 pressure source, namely, a pump 64 to produce a 
line pressure. A throttle pressure control valve 5 
which comprises a linear solenoid valve Is con- 
trolled by an electrical signal based on the throttle 
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opening and other factors to produce a predeter- 
mined throttle pressure (P T ), 

As shown in Fig. 6 in detail, the throttle pres- 
sure control valve 5 has a solenoid 5a operated by 
an electrical signal supplied from a control unit 8, 
an input port 5b, and an output port 5c. The throttle 
pressure P T is supplied from the output port 5c to a 
throttle pressure port 3a of the primary regulator 
valve 3 and is also supplied to an input port 20a of 
an accumulator control valve 20. A solenoid 
modulator valve 65 serves to supply the line pres- 
sure P L to the input port 5b of the throttle pressure 
control valve 5 while suitably regulating the line 
pressure P L . The accumulator control valve 20 has, 
in addition to the input port 20a, a pressure regula- 
tion port 20b, a feedback port 20c and a fourth 
speed supply port 20d. A hydraulic pressure is 
supplied from the pressure regulation port 20b to 
back pressure chambers 7i, 7 2f 7 3 , and 7* of the 
accumulators 2i, 2 2 , 2 3 , and 2*. The accumulators 
2i, 2 2l 2a, and 2* have pistons 6i, 62, 63, and 6*. 
In front of the pistons 61 , 62, 63. and 64, accumula- 
tor chambers 9i, 82, 9 3l and 9* communicating 
with the respective hydraulic servos are formed 
and comparatively short springs 66 are disposed. 
At the back of the pistons 61 , 6 2> 63, and 64, the 
back pressure Chambers 7i, 7 2 , 7 3( and 74 having 
the same pressure receiving areas as the accu- 
mulator chambers 9i, 9 2 , 9 3 , and 84 are formed 
and comparatively long springs 67 are disposed. 

All the accumulators 2i, 2 2f 2a, and 24 are 
equal in shape and are constructed by using com- 
mon identical parts. The third clutch hydraulic ser- 
vo C3 is connected through a modulator valve 68, 
and the line pressure P L is directly supplied to the 
second brake hydraulic servo B 2 . Both the hydrau- 
lic servos C 3 and B 2 are connected without inter- 
mediation through any accumulator. 

As shown in Fig. 1, a shift valve device is 
provided. The shift valve device comprises a 1-2 
shift valve 36, a 2-3 shift valve 37, a 3-4 shift valve 
39, a first solenoid valve S L 1 and a second sole- 
noid valve S L 2. The 1-2 shift valve 36 and the 3-4 
shift valve 39 are controlled with the second sole- 
noid valve S L 2, while the 2-3 shift valve 37 is 
controlled with the first solenoid valve S L 1.. More 
specifically, the 1-2 shift valve (third shift valve) 36 
has a control oil chamber 36dJo. which a_controI 
hydraulic pressure is applied from the solenoid 
valve S L 2, a line pressure supply port 36a commu- 
nicating with the range D port, an output port 36b, 
a drain port 36c, a B 2 port 36e, a low modulator 
port 36f, an R port 36h, and a restraining control oil 
chamber. 36g. The 1-2 shift valve 36 is changed 
over to a lower half position when the second, third 
or fourth speed is selected or to an upper half 
position when the first speed is selected. 

In the lower half position, the 1-2 shift valve 36 



provides a communication between the line pres- 
sure port 36a and the output port 36b. In the upper 
half position, it closes the line pressure port 36a 
and provides a communication between the output 

5 port 36b and the drain port 36c. 

The 2-3 shift valve (first shift valve) 37 has a 
control oil chamber 37d to which a control hydrau- 
lic pressure is applied from the solenoid valve S L 1, 
an input port 37a communicating with an oil pas- 

70 sage a extending from the output port 36b of the 1- 
2 shift valve 36, an output port 37b communicating 
with the fourth clutch hydraulic servo C© through an 
oil passage b, a drain port 37c, a range 1 restrain- 
ing control oil chamber 37e, a line pressure supply 

75 port 37f, a port 37h communicating with the re- 
straining control oil chamber 36g of the 1-2 shift 
valve 36, a port 37i, and a drain port 37j. The 2-3 
shift valve 37 is changed over to a lower half 
position when the first or second speed is selected 

20 or to an upper half position when the third or fourth 
speed is selected. 

In the lower half position, the 2-3 shift valve 37 
closes the input port 37a and provides a commu- 
nication between the output port 37b and the drain 

25 port 37c as well as a communication between the 
line pressure supply port 37f and the port 37j. In 
the upper' half position, it provides a communica- 
tion between the input port 37a and the output port 
37b as well as a communication between the port 

30 37i and the drain port 37c. 

The 3-4 shift valve (second shift valve) 39 has 
a control oil chamber 39f to which a control hy- 
draulic pressure is applied from the solenoid valve 
S L 2, a Co port (first port) 39a, a Bi release port 

35 (second port) 39b, a (third) port 39c, a drain port 
39e, a restraining control oil chamber 39g commu- 
nicating with the port 37i, a range 3 restraining 
control oil chamber 39h, a Cg port 39i, a drain port 
39j. The 3-4 shift valve 39 is changed over to a 

40 lower half position when the first, second or third 
speed is selected or to an upper half position when 
the fourth speed is selected. 

In the lower haff position, the 3-4 shift valve 39 
provides a communication between the port 39a 

46 communicating with the fourth clutch hydraulic ser- 
vo Co and the port 39b as well as a communication 
between the port 39c communicating with the sec- 
ond input port 32a and the drain port 39e. In the 
upper half position, it closes the port 39a commu- 

50 nicating with the fourth clutch hydraulic servo Co 
and provides a communication between the port 
39b communicating with the brake releasing oil 
chamber 35 and the drain port 39e as well as a 
communication between the line pressure supply 

66 port 39d and the port 39c. 

As shown in Fig. 1, a modulator valve device is 
provided. The modulator valve device comprises a 
B, modulator valve 30 and 'a Bi modulator control 
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valve 32. The Bi modulator valve 30 has a line 
pressure supply port 30b communicating with the 
oil passage a extending from the output port 36b of 
the 1-2 shift valve 36, a pressure modulation port 
30a, a feedback port 30d, a restraining control oil 
chamber 30c, and another control oil chamber 30e 
communicating with the pressure regulation port 
20b of the accumulator control valve 20. When set 
in a position such that no control pressures are 
applied to the control oil chambers 30c and 30e, 
the Bi modulator valve 30 reduces the line pres- 
sure supplied through the line pressure supply port 
30b at a predetermined rate and outputs the re- 
duced pressure through the pressure modulation 
port 30a. 

That Is, the modulator valve 30 reduces the 
line pressure P L to • produce a predetermined 
modulator pressure. When the pressure modulation 
port 30a of the modulator valve 30 communicates 
with a. brake restraining hydraulic chamber 31 of 
the first brake hydraulic servo Bi, the modulator 
pressure is applied to the brake restraining hydrau- 
lic chamber 31. At this time, the first brake B1 Is 
restrained with respect to the self-binding direction 
A but is not restrained with respect to the unbind- 
ing direction B. As mentioned above, the modulator 
valve 30 has the line pressure supply port 30b, the 
pressure modulation port 30a, the feedback port 
30d and the restraining control oil chamber 30c. 
and enables an intermediate transmission speed 
(e.g., a third speed) to be set between the pre- 
determined (low) transmission speed (e.g., a sec- 
ond speed) achieved by restraining rotation in the 
self-binding direction A and the other (high) trans- 
mission speed (e.g., a fourth speed) achieved by 
restraining rotation in the unbinding direction B. 
That is, the arrangement is such that the restraining 
hydraulic pressure is supplied to the restraining 
control oil chamber 30c when the predetermined 
transmission speed (second speed) or the other 
transmission speed (fourth speed) is selected, and 
that the supply of this restraining hydraulic pres- 
sure is stopped when the intermediate transmission 
speed (third speed) is selected. The modulator 
valve 30 makes the line pressure supply port 30b 
and the pressure modulation port 30a directly com- 
municate with each other to supply the line pres- 
sure when the predetermined transmission speed 
or the other transmission speed is selected, or 
produces the modulator pressure at the pressure 
modulation port 30a when the intermediate trans- 
mission speed is selected. 

The transmission has a frictional engagement 
element, e.g.. the fourth clutch CO, which is re- 
tained in an engaging state when the other trans- 
mission speed (fourth speed) and the intermediate 
transmission speed (third speed) is selected, and 
the hydraulic servo Co for operating this frictional 
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engagement element. 

The modulator valve 30 also has the control oil 
chamber 30e to which hydraulic pressure is ap- 
plied from the throttle pressure control valve 5 

5 (refer to Fig. 5), as well as the line pressure supply 
port 30b, the pressure modulation port 30a, the 
feedback port 30d and the restraining control oil 
chamber 30c. 

Further, the Bi modulator control valve 32 has 

w a first input port 32d communicating with an oil 
passage g extending from the port 37i of the 2-3 
shift valve 37, a second input port 32a commu- 
nicating with an oil passage h extending from the 
port 39c of the 3-4 shift valve 39, an output port 

75 32b communicating with the restraining control oil 
chamber 30c of the Bi modulator valve 30, and a 
control oil chamber 32c communicating with the 
hydraulic servo Co through an oil passage c. When 
no hydraulic pressure is supplied to the control oil 

20 chamber 32c, the Bi modulator control valve 32 
provides a communication between the first input 
port 32d and the output port 32b and a commu- 
nication between the control oil chamber 32c and 
the fourth clutch hydraulic servo Co. When hydrau- 

25 lie pressure is supplied to the control oil chamber 
32c, the modulator control valve 32 is held in a 
position such as to provide a communication be- 
tween the second input port 32a and the output 
port 32b and, hence, to enable a hydraulic pres- 

30 sure communication with the restraining control oil 
chamber 30c of the modulator valve 30. 

A 2-3 Jimjng valve _33 is inserted in a passage 
branching off from the oil passage b for commu- 
nication between the output port 37b of the 2-3 

35 shift valve 37 and the fourth clutch hydraulic servo 
Co. The 2-3 timing valve 33 has an input port 33a 
communicating with the output port 37b of the 2-3 
shift valve 37, an output port 33b communicating 
with the port 39a of the 3-4 shift valve 39. a first 

40 control oil chamber 33c communicating with the 
hydraulic servo Co through an orifice 43, and a 
second control oil chamber 33d to which a hydrau- 
lic pressure Is applied from the throttle pressure 
control valve 5. When the hydraulic pressure of the 

45 hydraulic servo Co is increased to a predetermined 
level, the input port 33a and the output port 33b 
communicate with each other. A check ball 40 
which allows a flow from the hydraulic servo Co to 
the port 39b of the 3-4 shift valve 39 is inserted in 

so an oil passage d for communication between the 
hydraulic servo Co and the port 39b of the 3-4 shift 
valve 39. Another check ball 41 which allows oil 
discharge from the port 39a to the port 37b Is 
inserted in an oil passage e for communication 

55 between the oil passage d and the oil passage b. 

As shown in Fig. 2, the first brake hydraulic 
servo Bi has a piston 69 fitted in a cylinder case 
72 in an oil tight manner. A brake releasing hydrau- 
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lie chamber 35 is formed between one side of the 
piston 69 and the case 72, and a return spring 70 
is set therein in a compressed state. 

An end plate 71 is fitted between a piston boss 
portion and the case in an oil tight manner while 
being inhibited from moving in the axial direction. A 
brake engaging hydraulic chamber 31 is defined 
between the end plate 71 and the other side of the 
piston 69. The cylinder case 72 is closed at its one 
end by a cover 73. The rod 69a fixed to the piston 
69 projects outward at the other end of the case 72 
and abuts against the end 62b of the band 62 of 
the first brake B1. The brake releasing hydraulic 
chamber 35 communicates with the port 39b of the 
3-4 shift valve 39, and the brake engaging hydrau- 
lic chamber 31 communicates with the pressure 
modulation port 30a of the Bi modulator valve 30 
through an oil passage f. 

Referring back to Fig. 5, the hydraulic control- 
ler U also has a lock-up clutch control valve 75, a 
lock-up clutch modulator valve 76, and a lock-up 
clutch control solenoid valve S L 3 which are con- 
trolled as desired for transmission speeds des- 
ignated by double circles in Fig. 4, and a secon- 
dary regulator valve 77, a low modulator valve 79, 
and a C3 timing valve 80. 

In the above-described arrangement, the line 
pressure P L is supplied to the line pressure P L 
supply port 30b of the Bi modulator valve 30, the 
Bi modulator valve 30 reduces the line pressure Pi 
at the predetermined rate and outputs the modula- 
tor pressure through the pressure modulation port 
30a to supply this pressure to the brake engaging 
hydraulic chamber 31 of the first brake hydraulic 
servo Bi . In this state, the first brake B1 operates 
at a comparatively small capacity based on the 
modulator pressure applied to the brake engaging 
hydraulic chamber 31, but it can stop the rotation 
of the sun gear S even through its capacity is 
small, when a predetermined transmission speed 
(e.g., second speed) at which the rotation of the 
sun gear S in the self-binding direction A Is to be 
stopped is selected, because it has a self-boosting 
effect. 

Even if, when the transmission is up-shifted (to, 
for example, the third speed) (or down-shifted to a 
predetermined transmission speed) by releasing 
the first brake B1 while engaging (or releasing) 
another frictional engagement element (e.g., the 
fourth clutch CO), the release of the first brake B1 
is delayed relative to the engagement of the fric- 
tional engagement element by a timing failure so 
that a certain condition appears which allows the 
transmission speed to be temporarily shifted to an 
undesignated speed (e.g., fourth speed), there is 
no risk of the transmission being actually set to this 
undesignated speed. This is because the first 
brake B1 has no self-boosting effect with respect to 



rotation in the unbinding direction B although it 
must stop the rotation in the unbinding direction B 
jn order to set the transmission to this speed, and 
because the first brake B1 therefore slips owing to 

6 stopping force failure when the braking capacity is 
small based on the modulator pressure. It is thus 
possible to prevent the transmission speed being 
shifted via any undesignated transmission speed. 
Consequently, the transmission can be shifted 

70 smoothly. 

To put it concretely, when the second speed is 
selected, the 1-2 shift valve 36 is in the lower half 
position, the line pressure port 36a and the output 
port 36b communicate with each other, and the line 

75 pressure P L is supplied to the line pressure supply 
port 30b of the modulator valve 30. On the other 
hand, the 2-3 shift valve 37 is in the lower half 
position, and the line pressure from the fine pres- 
sure supply port 37f is supplied to the first input 

20 port 32d of the Bi modulator control valve 32 
through the port 37i. The Bi modulator control 
valve 32 is in the upper half position since no 
hydraulic pressure is introduced into the control oil 
chamber 32c, and the line pressure at the first 

25 input port 32d is supplied to the restraining control 
oil chamber 30c of the Bi modulator valve 30 
through the output port 32b. Consequently, the Bi 
modulator valve 30 Is held in the lower half position 
.to be maintained in a line pressure supply state 

30 such that the line pressure at the line pressure 
supply port 30b is directly supplied to the brake 
engaging oil chamber 31 of the first brake hydrau- 
lic servo Bi through the pressure modulation port 
30a. In this state, the first brake B1 stops the 

35 rotation of the drum 63 in the self-binding direction 
A by the self-boosting effect; It operates positively 
at a large capacity determined by the pressing 
force of the hydraulic servo Bi based on the line 
pressure P L . 

40 When the transmission maintained in this state 

is up-shifted from the second speed to the third 
speed, the 2-3 shift valve 37 is changed over to the 
upper half position to supply the fine pressure P L 
from the Input port 37a to the fourth clutch hydrau- 

45 lie servo Co and the accumulator 2a of this servo 
through the output port 37b and to provide a com- 
munication between the port 37! and the drain port 
37c. The hydraulic pressure in the control oil 
chamber 30c of the Bi modulator valve 30 Is 

so thereby drained through the drain port 37c via the 
ports 32b, 32d and 37i. Consequently, the modula- 
tor valve 30 is set In the upper half position, and 
the line pressure P L from the line pressure port 30b 
is output through the pressure modulation' port 30a 

55 while being reduced by the effect of a feedback 
pressure applied to the feedback port 30d to pro- 
duce the modulator pressure which is applied to 
the brake engaging hydraulic chamber 31 of the 
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brake hydraulic servo Bi . 

Further, the pressure supplied to the fourth 
clutch hydraulic servo Co is simultaneously sup- 
plied to the brake releasing hydraulic chamber 35 
via the check ball 40 and the ports 39a and 39b of 
the 3-4 shift valve 39. At this time, a control pres- 
sure determined by the throttle pressure control 
valve 5 comprising a linear solenoid valve is ap- 
plied to the control oil chamber 30e of the Bi 
modulator valve 30 to suitably regulate the modula- 
tor pressure supplied to the brake engaging hy- 
draulic chamber 31, thereby effecting 2-3 shift tim- 
ing control and enabling the transmission to be 
smoothly shifted. 

When the hydraulic pressure of the fourth 
clutch hydraulic servo Co is Increased to the pre- 
determined level and is applied to the control oil 
chamber 33c of the 2-3 timing valve 33, the 2-3 
timing valve 33 is changed over to provide a com- 
munication between the input port 33a and the 
output port 33b and to thereby rapidly supply the 
line pressure P L to the brake releasing hydraulic 
chamber 35 through these ports. At this time, a 
control pressure determined by the throttle pres- 
sure control valve 5 is applied to the second con- 
trol oil chamber 33d of the 2-3 timing valve 30 to 
suitably control the timing of changing over the 2-3 
timing valve 33. 

It is thereby possible to correctly set the timing 
between the engagement of the fourth clutch CO 
and the release of the first brake B1. Specifically, if 
the first brake B1 is released before the engage- 
ment of the fourth clutch CO, a first speed condition 
occurs which allows both the fourth clutch CO and 
the first brake B1 to be released. However, the 
establishment of this condition is avoided and a 
2nd 1st -* 3rd speed shift is thereby prevented. 

Furthermore, even if the timing of hydraulic 
pressure supply to the brake releasing hydraulic 
chamber 35 is delayed at the time of up-shifting 
from the second speed to the third speed so that a 
fourth speed condition appears which allows both 
the fourth clutch CO and the first brake B1 to be 
engaged, the capacity of the band brake B1 is 
small enough to prevent stoppage of the sun gear 
S, since the direction of rotation of the sun gear S 
in the fourth speed state corresponds to the un- 
binding direction B, and since the modulator pres- 
sure is supplied to the brake engaging hydraulic 
chamber 31 as mentioned above. Consequently, 
the sun gear S is not stopped from rotating and the 
transmission Is not shitted to the fourth speed. That 
is, a 2nd — 4th — 3rd speed shift is prevented. 

At the time of up-shifting from the third speed 
to the fourth speed, the 3-4 shift valve 39 Is 
changed over to the upper half position, and the 
hydraulic pressure In the brake releasing hydraulic 
chamber 35 is reduced by oil discharge from the 



port 39b to the drain port 39e. 

When, In the third speed state, the line pres- 
sure P L for the fourth clutch hydraulic servo Co is 
supplied, this hydraulic pressure is supplied to the 

5 control oil chamber 32c of the modulator control 
valve 32, thereby maintaining the valve 32 in the 
lower half position. 

When, in this state, the 3-4 shift valve 39 is 
changed over, the line pressure supply port 39d 

to and the port 39c communicate with each other, and 
the line pressure P L is supplied to the second input 
port 32a of the Bi modulator control valve 32 
through these ports, and is further supplied to the 
restraining control oil chamber 30c of the Bi 

T5 modulator valve 30 through the output port 32b. 
The modulator valve 30 is thereby held in the lower 
half position and the line pressure P L at the line 
supply port 30b is directly supplied to the brake 
engaging hydraulic chamber 31 through the output 

20 port 30a without being modulated. 

Consequently, in this fourth speed state, the 
first brake B1 stops rotation in the unbinding direc- 
tion B by a sufficiently large stopping force be- 
cause the first brake hydraulic servo Bi applies a 

25 large pressing force based on the line pressure P L . 
As the servo pressure is increased from the 
modulator pressure to the line pressure P L . the 
engaging force is smoothly increased and the 
transmission is smoothly up-shifted to the fourth 

30 speed with desired reliability. 

At the time of down-shifting from the third 
speed to the second speed, the 2-3 shift valve 37 
is changed over to the lower half position, the 
hydraulic pressure of the fourth clutch hydraulic 

35 servo Co is drained through the drain port 37c via 
the port 37b, and the line pressure at the line 
pressure supply .port 37f is supplied to the first 
input port 32d of the Bi modulator control valve 32 
through the port 37i. 

40 Also, the hydraulic pressure in the brake re- 
leasing hydraulic chamber 35 is rapidly drained 
through the port 37b and the drain port 37c of the 
2-3 shift valve 37 via the ports 39a and 39b. the 
check ball 41. The brake B1 is thereby engaged 

46 before the release of the fourth clutch CO inter- 
mediated by the accumulator 23. thereby prevent- 
ing a 3rd — • 1st — 2nd speed shift. In this case, 
even if the time at which the hydraulic pressure 
from the brake engaging hydraulic chamber 35 is 

60 released is advanced, the capacity of the first 
brake B1 for stopping rotation in the unbinding 
direction B is small enough to prevent a 3rd -» 4th 
— 2nd speed shift, since a comparatively small 
modulator pressure is applied to the brake engag- 

55 ing hydraulic chamber 31 . 

The first brake B1 may only stop the sun gear 
S with respect to the self-binding direction A to set 
the second speed, even though its capacity is 

9 
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small based on the modulator pressure. The first 
brake B1 can therefore stop the sun gear S by the 
self-boosting effect to establish the second speed 
state. When the hydraulic pressure of the fourth 
clutch hydraulic servo Co is released and when the 
hydraulic pressure in the control oil chamber 32c of 
the Bi modulator control valve 32 is drained, the 
Bi modulator control valve 32 is changed over to 
the upper half position and the line pressure Intro- 
duced to the first port 32d is supplied to the 
restraining control oil chamber 30c through the 
output port 32b, thereby maintaining the Bi 
modulator control valve 32 in the line pressure 
supply state. 

The hydraulic pressure applied to the brake 
engaging hydraulic chamber 31 is thereby in- 
creased from the modulator pressure to the line 
pressure P Ll so that the first brake is firmly en- 
gaged at a large capacity. 

At the time of kick-down from the fourth speed 
to the second speed, the 3-4 shift valve 39 and the 

2- 3 shift valve 37 are simultaneously changed over 
to the lower half positions. Then, the hydraulic 
pressure of the fourth clutch hydraulic servo Co is 
drained through the ports 37b and 37c, and the 
hydraulic pressure applied to the restraining control 
oil chamber 30c of the modulator valve 30 Is 
drained through the ports 32b, 32a and ports 39c 
and 30e. At this time, the ports 39a and 39b of the 

3- 4 shift valve 39 communicate with each other to 
allow the hydraulic pressure of the fourth clutch 
hydraulic servo Co to be supplied to the brake 
releasing hydraulic oil chamber 35. However, the 
hydraulic pressure of the fourth clutch hydraulic 
servo Co is drained through the drain port 37c, and 
the port 39a communicates with the drain port 37c 
via the check ball 41 , thereby inhibiting the hydrau- 
lic pressure in the brake releasing oil chamber 35 
from increasing to the brake release pressure. 
Therefore the line pressure Pl is not supplied to 
the brake releasing oil chamber 35, and the third- 
speed state is not established. The hydraulic pres- 
sure supplied to the brake engaging hydraulic 
chamber 31 is changed over from the line pressure 
P L to the modulator pressure and then to the line 
pressure P L , thereby achieving a down-shift from 
the fourth speed to the second speed by one 
operation. 

The operation of this embodiment will be de- 
scribed below in more detail with respect to each 
transmission speed. 

When the first speed is selected while the 
manual valve 62 is operated to set the range 0, 
only the first solenoid valve S L 1 is turned on for 
draining while the second solenoid valve S L 2 is in 
the off state, l.e., in the supply state, as shown in 
Fig. 4. In this state, hydraulic pressure is supplied 
to the control oil chamber 36d of the 1-2 shift valve 



36 to set this valve in the upper half position while 
the hydraulic pressure in the control oil chamber 
37d of the 2-3 shift valve 37 is released to set this 
valve in the lower half position. Hydraulic pressure 

5 is supplied to the control oil chamber 39f of the 3-4 
shift valve 39, but this valve is restrained in the 
lower half position because the line pressure Pl 
from the line pressure supply port 37f of the 2-3 
shift valve 37 is supplied to the restraining control 

10 oil chamber 39g. 

Consequently, the line pressure from the range 
D port D of the manual valve 62 is supplied to the 
first clutch hydraulic servo Ci alone, and the other 
hydraulic servos are supplied with no hydraulic 

15 pressure. 

At this time, the throttle valve 5 is suitably 
operated on the basis of a signal sent from the 
control unit 8 to produce the predetermined throttle 
pressure P T . as shown in Fig. 6. Further, the throt- 

20 tie pressure Pt is supplied to. the input port 20a of 
the accumulator control valve 20 and is reduced at 
the predetermined rate by the effect of the feed- 
back pressure, and the reduced pressure is sup- 
plied to the back pressure chambers 7i, 72, 73, 

25 and 7* of the accumulators 2i, 22, 2 3i and 2* 
through the output port 20b. The hydraulic pres- 
sure suitably controlled by the throttle pressure 
control valve 5 based on the engaging characteris- 
tics of the first clutch C1 is transmitted to the back 

30 pressure chamber 7t of the accumulator 2i com- 
municating with the hydraulic servo Ci, thereby 
smoothly engaging the first clutch C1. 

By the control operation of the throttle pressure 
control valve 5, the line pressure from the primary 

35 regulator valve 3 and the pressures In the back 
pressure chambers 72, 73, and 7* of the other 
hydraulic servos 22, 2 3> and 2* are also modulated, 
but other clutches C2, C3, and CO and the brakes 
B1 and B2 are not influenced since they are in 

40 disengaged states. 

In the first speed state in which the first clutch 
C1 is engaged and in which the first and second 
one-way clutches F1 and F0 are also engaged, the 
torque of the input shaft 15 is transmitted to the 

45 small ring gear R1 through the first clutch C1 and 
the second one-way clutch F0. At this time, since 
the first one-way clutch F1 inhibits the large ring 
gear R2 from rotating, the carrier CR rotates at a 
greatly reduced speed while racing the sun gear S 

50 and the drum 63 integral with the sun gear S in the 
self-binding direction A shown in Rg. 2. The torque 
of this reduced-speed rotation is extracted through 
the output gear 13. The torque of the gear 13 is 
reduced in speed by the speed reduction mecha- 

65 nism 51 and is thereafter transmitted to the left and 
right axle shafts 59a and 59b by the differential unit 
52. 

When the second speed is selected, the sec- 

10 
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ond solenoid valve S L 2 as well as the first solenoid 
valve S L 1 is turned on. Then the 2-3 shift valve 37 
and the 3-4 shift valve 39 are held In the lower half 
positions and the 1-2 shift valve 36 is changed over 
to the lower half position by hydraulic pressure 
release from the control oil chamber 36d. In this 
state, the line pressure P L from the range D port is 
supplied to the oil passage a through the line 
pressure supply port 36a and the output port 36b 
to be supplied to the line pressure port 30b of the 
Bi modulator valve 30. In the 2-3 shift valve 37, the 
line pressure supply port 37f and the port 371 
communicate with each other. The line pressure P L 
supplied from the line pressure supply port 37f is 
supplied to the first input port 32d of the Bi 
modulator control valve 32 via the port 37i and the 
oil passage g. In the second speed state, therefore, 
the Bi modulator control valve 32 is in the upper 
half position and the hydraulic pressure at the input 
port 32d is supplied to the restraining control oil 
chamber 30c of the Bi modulator valve 30 through 
the output port 32b. Accordingly, the Bi modulator 
valve 30 is restrained in the lower half position and 
the line pressure P L at the line pressure supply 
port 30b is directly output through the pressure 
modulation port 30a to be supplied to the brake 
engaging hydraulic chamber 31 of the first brake 
hydraulic servo Bi through the oil passage f. The 
piston 69 is thereby extended to press the band 
end 62, thereby fastening the band 62 of the first 
brake B1 by a large force based on the line pres- 
sure P L . At this time, the sun gear S and the drum 
63 Integral with the sun gear S are rotating in the 
self-binding direction A, and the first brake B1 can 
also stop the sun gear S by the function of self- 
boosting based on the rotation in the serf-binding 
direction A, even if the fastening force is compara- 
tively small. In this case, however, the first brake 
B1 firmly stops the sun gear S by the large fasten- 
ing force based on the line pressure P L . 

At the time of up-shifting from the first speed 
to the second speed, the throttle pressure control 
valve 5 Is suitably operated on the basis of an 
electrical signal supplied from the control unit 8, 
and the throttle pressure P T is regulated by the 
accumulator control valve 20 and Is supplied to the 
back pressure chambers 7t, 72, 7a, and 7a of the 
accumulators 2i, 22, 23, and 2*. as in the case of 
the above-described shifting to the range D. The 
back pressure of the accumulator 2a of the first 
brake hydraulic servo Bi is thereby controlled suit- 
ably according to the engaging characteristics of 
the first brake B1, thereby smoothly engaging the 
first brake B1. 

At this time, the accumulators 2\ % 2 2 , and 23 
for the clutches C1, C2, and CO are also back- 
pressure controlled. However, the second clutch C2 
and the fourth dutch CO are In the released states 



and are not Influenced. With respect to the first 
clutch CI, the hydraulic pressure of the hydraulic 
servo Ci changes as the line pressure P L changes 
according to the change in the throttle pressure P T . 

s However, the first clutch C1 has already been 
engaged and maintained in a static friction state, 
and the engaging hydraulic pressure is at a sub- 
stantially high level with respect to the torque load 
of the first clutch C1. There is therefore no risk of 

w slippage of the first clutch C1 . 

In the second speed state in which the first 
brake B1 and the second one-way clutch F0 as 
well as the first clutch C1 are respectively en- 
gaged, the torque of the input shaft 15 is transmit- 

75 ted to the small ring gear R1 through the first 
clutch C1 and the second one-way clutch F0. At 
this time, since the sun gear S is stopped by the 
first brake B1 , the torque of the small ring gear R1 
is extracted as second speed torque through the 

20 carrier CR while racing the large ring gear R2. At 
the time of shifting from the first speed to the 
second speed, the first one-way clutch F1 over- 
runs. The present Invention is therefore arranged to 
prevent occurrence of a clutching changeover shift 

25 shock. 

When the third speed is selected, the second 
solenoid valve S|2 is maintained in the on state 
while the first solenoid valve S L 1 is changed over 
to the off state. In this state, the 1-2 shift valve 36 

30 and the 3-4 shift valve 39 are held in the lower half 
positions, and the 2-3 shift valve 37 is changed 
over to the upper half position with the control oil 
chamber 37d supplied with hydraulic pressure. The 
line pressure P L in the oil passage a supplied 

36 through the ports 36a and 36b of the 1-2 shift valve 
36 is thereby introduced into the oil passage b 
through the input port 37b to be supplied to the 
fourth clutch hydraulic servo Co and the accumula- 
tor chamber 93 of the accumulator 2a. Also, the 

40 port 37i of the 2-3 shift valve 37 communicates 
with the drain port 37d to drain the hydraulic pres- 
sure supplied to the first input port 32d of the Bi 
modulator control valve 32. 

The hydraulic pressure supplied to the fourth 

45 clutch hydraulic servo Co is applied to a restraining 
control oil chamber 80a of the C3 timing valve 80 
(refer to Rg. 5) through the oil passage c, so that 
the C3 timing valve 80 is changed over to the 
upper half position. Then, the line pressure P L from 

50 the line pressure port 39d of the 3-4 shift valve 39 
is supplied to an input port of the C3 timing valve 
80 through the port 39i and is further supplied to 
the third clutch hydraulic servo C3 via an output 
port of this valve and the modulator valve 68. 

55 When the hydraulic pressure of the fourth 

clutch hydraulic servo Co and the accumulator 2a 
reaches the predetermined level, this hydraulic 
pressure is applied to the first control oil chamber 

11 
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33C of the 2-3 timing valve 33. The 2-3 timing 
valve 33 is thereby changed over to the upper half 
position and the hydraulic pressure from the oil 
passage b is rapidly supplied to the oil passage d 
through the line pressure supply port 33a, the 
output port 33b and the check valve 40 to be 
supplied to the brake releasing hydraulic chamber 
35 of the first brake hydraulic servo Bi through the 
ports 39a and 39b of the 3-4 shift valve 39. 

In this state, the hydraulic pressure of the 
fourth clutch hydraulic servo Co is applied to the 
control oil chamber 32c of the Bi modulator control 
valve 32 through the oil passage c to change over 
the Bi modulator control valve 32 to the lower half 
position. In the 3-4 shift valve 39, the port 39c 
communicates with the drain port 39e. in the Bi 
modulator control valve 32, the second input port 
32a as well as the first input port 32d is in the 
draining state. Accordingly, the B t modulator valve 
30 is in the pressure modulating state and the line 
pressure P L at the line pressure supply port 30b Is 
reduced at the predetermined rate by the effect of 
the feedback pressure at the feedback port 30d 
and so on. The modulator pressure thereby pro- 
duced is applied to the brake engaging hydraulic 
chamber 31 of the first brake hydraulic servo Bi 
through the oil passage f. The line pressure P L 
applied to the brake releasing hydraulic chamber 
35 of the first brake hydraulic servo Bi thereby 
prevails over the modulator pressure applied to the 
brake engaging hydraulic chamber 31 to move the 
piston 69, thereby releasing the band brake B1. 

The present invention is arranged to prevent 
hydraulic pressure from being abruptly supplied to 
the brake releasing hydraulic chamber 35 by earlier 
changeover of the 2-3 timing valve based on the 
increase in the hydraulic pressure of the hydraulic 
pressure servo Co communicating with the accu- 
mulator 2. There is therefore no risk of the first 
brake B1 being released before the engagement of 
the fourth clutch Co and, hence, no possibility of 
the transmission being returned to the first speed 
state even for a very short time. 

When the transmission is up-shifted from the 
second speed to the third speed, the throttle pres- 
sure control valve 5 is suitably controlled on the 
basis of an electrical signal as in the above, the 
throttle pressure P T is regulated through the accu- 
mulator control valve 20, and the regulated hydrau- 
lic pressure is supplied to the back pressure cham- 
bers 7i, 7 2 , 7 3 , and 7* of the accumulators 2i, 2 2l 
2 3 , and 2* and to the second control chamber 33d 
of the 2-3 timing valve 33. The same accumulator 
back pressure control as that described above 
based on the operation of the throttle pressure 
control valve 5 is thereby effected to regulate the 
hydraulic pressure of the hydraulic servo Co ac- 
cording to the engaging characteristics of the fourth 



clutch CO, thereby smoothly engaging the clutch 
CO. Also, the timing of change-over of the 2-3 
timing valve 33 is suitably controlled to correctly 
effect the fourth clutch CO engaging timing and the 

s first brake release timing. 

Simultaneously, the hydraulic pressure from 
the output port 20b of the accumulator control 
valve 20 is supplied to the control oil chamber 30e 
of the Bi modulator valve 30 to effect pressure 

io modulation therein so that the modulator pressure 
Is Increased. The modulated pressure Is supplied 
to the brake releasing hydraulic chamber 31 
through the oil passage f to suitably control the 
brake B1 release timing in association with the 

75 control of the timing valve 33. 

Even if, at the time of up-shifting from the 
second speed to the third speed, the timing of 
hydraulic pressure supply to the brake releasing oil 
chamber 35 of the first brake hydraulic servo Bi is 

20 delayed so that a certain condition appears which 
allows the fourth speed state in which the fourth 
clutch CO and the first brake Bi are temporarily 
engaged, the first brake B1 allows the drum 63 to 
slip since the sun gear S rotates in the unbinding 

25 direction B in the fourth speed state, and since the 
capacity of the first brake B1 based on the modula- 
tor pressure is insufficient to stop the rotation in the 
unbinding direction B to establish the fourth speed 
state. A 2nd — 4th — 3rd speed shift is thereby 

30 prevented during up-shifting from the second 
speed to the third speed. 

In the third speed state in which the third and 
fourth clutches C3 and CO as well as the first clutch 
C1 are engaged while the first brake B1 is re- 

35 leased, the torque of the input shaft 15 is transmit- 
ted to the small ring gear R1 through the second 
one-way clutch F0 and the third clutch C3 and is 
also transmitted to the large ring gear R2 through 
the fourth clutch CO. Integral rotation such that the 

40 planetary gear unit 12 is integrally operated is 
extracted from the carrier CR through the output 
gear 13. At this time, clutching changeover be- 
tween the fourth clutch CO and the first brake B1 is 
performed but the above-described suitable timing 

45 control is effected to prevent any shift via another 
transmission speed and, hence, occurrence of a 
shift shock. Also, the third clutch C3 is simulta- 
neously engaged but the time at which "the clutch 
C3 is engaged may be delayed since the clutch C3 

so is connected parallel to the second one-way clutch 
FO. 

When the fourth speed is selected, the second 
solenoid valve S L 2 as well as the first solenoid 
valve S L 1 is changed over to the off. state. In this 
55 state, the 2-3 shift valve 37 is held In the upper half 
position, and control hydraulic pressure is supplied 
to the control oil chamber 39f of the 3-4 shift valve 
39 to change over this valve to the upper half 

12 



09/12/2004, EAST Version: 1.4.1 



23 



EP 0 405 590 A2 



24 



position. Also, control hydraulic pressure is sup- 
plied to the control oil chamber 36d of the 1-2 shfft 
valve 36, but this valve is maintained in the lower 
hall position because the line pressure P L at the 
line pressure supply port 37f of the 2-3 shift valve 
37 is supplied to the restraining control oil chamber 
36g through the port 37h. 

The Bi release port 39b of the 3-4 shift valve 
39 thereby communicates with the drain port 39e, 
thereby draining the brake releasing hydraulic 
chamber 31 of the first brake hydraulic servo Bi. 

At the third speed, hydraulic pressure is sup- 
plied to the Bt control oil chamber 32c of the 
modulator control valve 32 through the oil passage 
c on the basis of the oil supply to the fourth clutch 
hydraulic servo Co, so that the Bi modulator con- 
trol valve 32 is changed over to the lower half 
position to provide communication between the 
second input port 32a and the output port 32b. If in 
this state the fourth seed is selected, the 3-4 shift 
valve 39 is changed over to provide communication 
between the line pressure supply port 39d and the 
port 39C, and the line pressure P L is supplied to 
the restraining control oil chamber 30c of the Bi 
modulator valve 30 through the ports 39d and 39c 
and the ports 32a and 32b of the modulator control 
valve 32 to set the Bi modulator valve 30 in the 
lower half position, thereby changing over this 
valve to the line pressure supply state In which the 
line pressure port 30b and the pressure modulation 
port 30a communicate with each other. The line 
pressure P L from the oil passage a is therefore 
introduced into the oil passage f via the ports 30b 
and 30a, and the hydraulic pressure in the brake 
engaging hydraulic chamber 31 of the first brake 
hydraulic servo Bi is changed over from the 
modulator pressure to the line pressure. 

At this time, the same electrical control of the 
throttle pressure control valve 5 as that described 
above may be effected to control the hydraulic 
pressure supplied to the back pressure chamber 7a 
of the accumulator 2* to enable the transmission to 
be shifted smoothly. In this case, however, the 
hydraulic pressure of the drain from the brake 
releasing hydraulic chamber 35 is regulated by 
means of orifices 83a, 83b, and 83c and so on to 
control the engagement of the first brake B1, as 
shown in Fig. 5. Since in this state the sun gear S 
and the drum 63 integral with the sun gear S rotate 
in the unbinding direction B (refer to Fig. 2), the 
self-boosting effect of the brake B1 cannot be 
maintained when the brake B1 is engaged. How- 
ever, the line pressure PL is applied to the brake 
engaging hydraulic chamber 31 of the hydraulic 
servo Bi, and the capacity of the band brake B1 is 
large enough to firmly stop the rotation in the 
unbinding direction B. 

In the 3-4 shift valve 39, the C3 timing port 39i 



communicates with the drain port 39j. The hydrau- 
lic pressure of the third clutch hydraulic servo Cs is 
thereby drained through the ports 39i and 39j of 
the 3-4 shift valve 39 via the check ball 85 (refer to 

5 Fig. 5) and the C3 timing valve 80. In the fourth 
speed state, the hydraulic pressure at the port 39c 
is supplied to the port 20d of the accumulator 
control valve 20 (refer to Fig. 6) to set a substan- 
tially high accumulator back pressure. 

10 In the fourth speed state in which the first 
clutch C1 and the fourth clutch CO are in the 
engaged states and in which the first brake B1 Is 
changed over to the engaged state while the third 
clutch C3 is changed over to the released state. 

15 the torque of the input shaft 15 is transmitted to the 
large ring gear R2 through the fourth clutch CO. 
Since the sun gear S is stopped by the first brake 
B1, the large ring gear R2 rotates the carrier CR at 
a high speed while racing the small ring gear R1. 

20 The torque of the carrier CR is transmitted to the 
output gear 13. 

During this operation, the first brake B1 is 
engaged while the third clutch C3 is released. Even 
if the third clutch C3 is released by advanced 

25 timing, the third speed state can be maintained by 
the second one-way clutch F0. Consequently, the 
engagement of the first brake B1 Is controlled by 
means of the orifices 83a. 83b, and 83c and so on 
so as to slightly delay the engaging timing, thereby 

30 preventing occurrence of a shift shock owing to 
clutching changeover. 

When the transmission is down-shifted from 
the fourth speed to the third speed, the 3-4 shift 
valve 39 is changed over to the lower half position, 

35 as mentioned above. The hydraulic pressure In the 
oil passage b is thereby supplied to the brake 
releasing hydraulic pressure chamber 35 of the first 
brake hydraulic servo Bi through the ports 39a and 
39b, and the line pressure P L at the line pressure 

AO supply port 39d is supplied to the third clutch 
hydraulic servo Cs via the port 39i, the C3 timing 
valve 80 and the Cs modulator valve 68. At this 
time, the release hydraulic pressure supplied to the 
brake releasing hydraulic chamber 35 of the hy- 

45 draulic servo Bi is controlled by means of the 
orifices 83b and 83c and so on, and the second 
one-way clutch FO is thereby changed over from 
the overrun state to the engaged state, thereby 
enabling the transmission to be shifted smoothly. 

60 When the transmission is down-shifted from 
the third speed to the second speed, the 2-3 shift 
valve 37 is changed over to the lower half position 
to provide communication between the Co port 37b 
and the drain port 37c f as mentioned above. Then, 

55 the hydraulic pressure in the brake releasing hy- 
draulic chamber 35 of the first brake hydraulic 
servo Bi is first drained through the drain port 37c 
via the ports 39a and 39b, the oil passage d, the 

13 
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check ball 41, the oil passage e and the port 37c, 
and the hydraulic pressure of the third clutch hy- 
draulic servo Co is drained through the oil passage 
b and the drain port 37c along with the hydraulic 
pressure in the accumulator chamber 93 of the s 
accumulator 2a. 

The release of the fourth clutch CO is thereby 
delayed relative to the engagement of the first 
brake B1. thereby preventing a shift via the first 
speed state in which both the fourth clutch CO and 10 
the first brake are released, i.e., a 3rd — 1st — 2nd 
speed shift. 

Further, there is a possibility of the timing of 
draining the brake releasing hydraulic chamber 35 
of the first brake servo B1 being excessively ad- 75 
vanced so that a certain condition appears which 
allows the fourth speed state in which both the 
fourth clutch CO and the first brake Bi are en- 
gaged. In such an event, however, since the hy- 
draulic pressure supplied to the restraining control 20 
oil chamber 30c of the B1 modulator valve 30 has 
already been released in the third speed state to 
output the modulator pressure through the pressure 
modulation port 30a, and since this modulator pres- 
sure has been applied to the brake engaging hy- • 25 
draulic chamber 30 to operate the first brake B1, 
the capacity of the brake B1 Is Insufficient for the 
rotation of the suri gear S in the unbinding direction 
B in the fourth speed state, thereby preventing 
establishment of the fourth speed state. The brake 30 
B1 firmly stops the rotation of the sun gear S in 
self-binding direction A at the second speed by the 
self-boosting effect, thereby establishing the sec- 
ond speed state. 

Thus, a 3rd — 4th — 2nd speed shift as well as 35 
the above-described 3rd — 1st ^ 2nd speed shift 
is prevented, and the transmission can be down- 
sifted smoothly. 

At the time of down-shifting from the third 
speed to the second speed, the C3 timing valve 80 40 
is changed over to the lower half position as the 
hydraulic pressure based on the hydraulic servo Co 
is released from the restraining control oil chamber 
80a (refer to Fig. 5). The hydraulic pressure of the 
hydraulic servo C3 is thereby drained through the 46 
drain port of the C3 timing valve 80 via the check 
ball 85. 

When the transmission is down-shifted from 
the second speed to the first speed, the 1-2 shift 
valve 36 is changed over to the upper half position so 
to provide communication between the output port 
36b and the drain port 36c. Accordingly, the hy- 
draulic pressure in the brake engaging hydraulic 
chamber 31 of the first brake hydraulic servo B1 is 
drained through the drain port 36C via the oil 55 
passage f, the ports 30a and 30b of the modulator 
valve 30, the oil passage a and the port 36b. 

At the time of kick-down from the fourth speed 



to the second speed, the 3-4 shift valve 39 and the 
2-3 shift valve 37 are changed over to the lower 
half positions. The hydraulic pressure of the fourth 
clutch hydraulic servo Co is thereby drained 
through the drain port 37c via the oil passage b 
and the port 37b, and the hydraulic pressure In the 
brake releasing hydraulic oil chamber 35 of the first 
brake hydraulic servo B1 is drained through the 
drain port 37c via the ports 39b and 39a, the oil 
passage d, the check ball 41, the oil passages e 
and b and the port 37b. At this time, the hydraulic 
pressure supplied to the control oil chamber 32c of 
the B1 modulator control valve 32 from the hydrau- 
lic servo Co is released to change over the Bi 
modulator control valve 32 to the upper half posi- 
tion, and the first input port 32a is drained to 
temporarily release the restraining pressure in the 
restraining control oil chamber 30c of the Bi 
modulator valve 30 so that the Bi modulator valve 
30 produces the modulator pressure. However, the 
line pressure P L is immediately supplied to the port 
32d of the control valve 32 through the port 37i of 
the 2-3 shift valve 37, and is further supplied to the 
restraining control oil chamber 30c through the port 
32b, thereby restraining the B^ modulator valve 30 
in the line pressure supply state. The first brake B1 
is therefore maintained in the engaged state with- 
out being temporarily released, and the transmis- 
sion Is down-shifted quickly and smoothly by one 
operation. 

In the case where the manual valve 62 is 
operated to select the range R, the line pressure P L 
from the range R port is supplied to the second 
clutch hydraulic servo C2 and the accumulator 22 
of this servo. At this time, the throttle pressure 
control valve 5 is suitably controlled on the basis of 
an electrical signal from the control unit 8, and the 
hydraulic pressure reduced by the accumulator 
control valve 20 is supplied to the back pressure 
chambers 7i, 7 2 , 7 3l and 7a of the accumulators 
2i, 2 2 , 2a, and 2 4 , as in the above. Consequently, 
the back pressure control of the accumulator 2 2 is 
effected to control the hydraulic pressure of the 
hydraulic servo C2 according to the engaging char- 
acteristics of the second clutch C2, thereby en- 
abling the transmission to be smoothly shifted for 
N R or D -* R changeover. 

If, in this reverse range, the vehicle travels at a 
predetermined speed, e.g., 7 knVh or lower, that is, 
it Is In a substantially stopped state, the 1-2 shift 
valve 36 is in the lower half position and the line 
pressure P L from the range R port is supplied to 
the second brake hydraulic servo B 2 through the 
ports 36h and 36e. 

In the reverse state in which the second clutch 
C2 and the second brake B2 are respectively en- 
gaged, the torque of the input shaft 15 Is transmit- 
ted to the sun gear S through the second clutch 



14 



09/12/2004, EAST Version: 1.4.1 



27 



EP 0 405 590 A2 



28 



C2, and the torque of the sun gear S is transmitted 
as a reverse torque to the carrier CR while racing 
the small ring gear R1 is the reverse direction, 
since the large gear R2 is stopped by the second 
brake B2. The reverse torque is extracted through 
the output gear 13. 

If, in the reverse range, the vehicle travels by 
inertia at a speed higher than the predetermined 
speed, the first solenoid valve S L 1 is turned to 
change over the 1-2 shift valve 36 to the upper half 
position. In this state, no hydraulic pressure is 
supplied to the second brake hydraulic servo B 2 , 
and the reverse state is not established. 

In the case where the manual valve 62 is 
operated to select the range 3, the line pressure P L 
from the range 3 port is supplied to the restraining 
control oil chamber 39h of the 3-4 shift valve 39 to 
restrain the 3-4 shift valve 39 in the lower half 
position to inhibit this valve from being set in the 
upper half position, i.e., the fourth speed position. 

In the case where the manual valve 62 is 
operated to the range 2, the line pressure from the 
range 2 port is supplied to the restraining control 
oil chamber 80b of the C3 timing valve 80 (refer to 
Fig. 5) to restrain the C3 timing valve 80 in the 
upper half position, so that the third clutch hydrau- 
lic servo C3 is constantly supplied with hydraulic 
pressure. The input shaft 15 and the small ring 
gear R1 are thereby connected through the third 
clutch C3 to effect engine braking by inhibiting 
inertial running based on overrunning of the second 
one-way clutch F0 at the time of coasting. 

In the case where the manual valve 62 is 
operated to select the range 1, the line pressure P L 
from the range 1 port is supplied to the restraining 
control oil chamber 37e of the 2-3 shift valve 37 to 
restrain the 2-3 shift valve 37 in the lower half 
position to inhibit this valve from being set in the 
upper half position, i.e., the second/third speed 
position. The line pressure P L from the range 1 port 
is reduced by the low modulator valve 79, and the 
reduced pressure is supplied to the port 36f of the 
1-2 shift valve 36. The 1-2 shift valve 36 is thereby 
restrained in the first/second speed state. At the 
first speed, the modulator pressure is supplied to 
the second brake hydraulic servo B 2 . 

In the above-described embodiment, the Bi 
modulator control valve 32 is used but this valve is 
not always necessary. For example, an arrange- 
ment such as that shown in Rg. 7 may alternatively 
be adopted. 

That is, the port 37i of the 2-3 shift valve 39 
communicates with an input port 90a of a two-way 
check valve 90, while the port 39c of the 3-4 shift 
valve 39 communicates with another input port 90b 
of the two-way check valve 90. An output port 90C 
of the two-way check valve 90 communicates with 
the restraining control oil chamber 30c of the B1 



modulator valve 30. 

When the second speed is selected, the line 
pressure Pi from the line pressure supply port 37f 
of the 2-3 shift valve 37 Is supplied to the restrain- 

5 ing control oil chamber 30c of the Bi modulator 
valve 30 through the port 371 and the input and 
output ports 90a and 90C of the two-way check 
valve 90, thereby maintaining the Bi modulator 
valve 30 in the line pressure supply state. 

70 When the fourth speed is selected, the line 
pressure from the line pressure supply port 39d of 
the 3-4 shift valve 39 is supplied to the restraining 
control oil chamber 30c through the port 39e and 
input and output ports 90b and 90C of the two-way 

75 check valve 90, thereby maintaining the Bi 
modulator valve 30 in the line pressure supply 
state. 

When the third speed is selected, the port 371 
of the 2-3 shift valve 37 communicates with the 

20 drain port 37c, and the port 39c of the 3-4 shift 
valve 39 also communicates with the drain port 39e 
to set the restraining control oil chamber 30c in the 
released state, so that the Bi modulator valve 30 
suitably modulates the line pressure input through 

25 the line pressure supply port 30b and outputs the 
modulated pressure through the pressure modula- 
tion port 30a. 

In accordance with the present invention, as 
described above in detail, when the modulator 

30 pressure is supplied from the Bi modulator valve 
30 to the brake engaging hydraulic chamber 31 of 
the first brake hydraulic servo Bi, the first brake B1 
is engaged with respect to its self-binding direction 
A but Is not engaged with respect to the unbinding 

35 direction B. At the time of up-shifting from a pre- 
determined (low) transmission speed (e.g., second 
speed) or down-shifting to the predetermined trans- 
mission speed, the transmission can be thereby 
prevented from being temporarily shifted to another 

40 (high) transmission speed (e.g., fourth speed) re- 
lated to the operation of the first brake B1. Thus, 
the present invention provides a simple and low- 
cost transmission which can be smoothly operated 
for a predetermined shift (e.g., 2nd -* 3rd up-shift 

45 or 3rd -* 2nd down-shift) with respect to the whole 
ranges of throttle pressure and vehicle speeds 
without any substantial shift shock, although it is 
designed to improve the performance in terms of 
mounting on a vehicle by removing one-way 

50 clutches for a reduction In the transmission size. 

An intermediate transmission speed (third 
speed) may be set between the above predeter- 
mined transmission speed (e.g., second speed) 
and the other speed (e.g., fourth speed). The 

55 modulator pressure is supplied to the restraining 
control oil chamber 30c of the Bi modulator valve 
30 when the predetermined speed or the other 
speed is selected, but the modulator pressure is 
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not supplied when the intermediate speed is se- 
lected. According to this arrangement, the trans- 
mission can be smoothly shifted from the predeter- 
mined speed to the intermediate speed or from the 
intermediate speed to the predetermined speed 
without being shifted by way of the other speed. 
For the predetermined speed and the other speed, 
the line pressure P L is supplied to the brake engag- 
ing hydraulic chamber 31 to make the first brake 
B1 to be engaged firmly at a sufficiently large 
braking capacity. 

The control pressure may be supplied from the 
throttle pressure control valve 5 to the control oil 
chamber 30e of the Bi modulator valve 30 to 
suitably control the. hydraulic pressure supplied to 
the brake engaging hydraulic chamber 31 at the 
time of shifting from the predetermined speed to 
the intermediate speed or from the intermediate 
speed to the predetermined speed, thereby effec- 
ting the desired changeover timing and, hence, 
smooth shifting. 

The Bi modulator control valve 32 may be 
provided which provides communication between 
the first input port 32d and the output port 32b 
when the control oil chamber 32c is not supplied 
with hydraulic pressure, and which provides com- 
munication between the second input port 32a and 
the output port 32b when hydraulic pressure is 
supplied to a hydraulic servo for a frictional en- 
gagement element servo (e.g., the fourth clutch 
hydraulic pressure servo Co) and the control oil 
chamber 32c is supplied with hydraulic pressure. It 
is thereby possible to positively and rapidly supply 
the line pressure Pl to the brake engaging hydrau- 
lic chamber 31 when the predetermined speed 
(e.g, second speed) or the other speed (e.g., fourth 
speed) is selected. The transmission can therefore 
be operated rapidly and smoothly for up-shift from 
the predetermined speed to the other speed (e.g., 
1st — 2nd speed up-shift or 3rd -+ 4th speed up- 
shift) or down-shift from the other speed to the 
predetermined speed. 

Further, the 2-3 timing valve 33 controlled by 
the pressure supplied to the frictional engagement 
element hydraulic servo (e.g., the fourth clutch 
hydraulic servo Co) may be provided to enable the 
brake engaging hydraulic chamber 35 to be rapidly 
supplied with hydraulic pressure to set a suitable 
timing between the engagement of the frictional 
engagement element and the release of the first 
brake B1, when the hydraulic pressure of the fric- 
tional engagement element hydraulic servo reaches 
a predetermined level, thereby preventing a shift 
via an undesignated speed (e.g., 2nd 1st -» 3rd 
shift) caused by earlier release of the first brake 
B1 . In cooperation with the supply of the modulator 
pressure to the brake engaging hydraulic chamber 
31, this timing control of the first brake B1 enables 



the transmission to be smoothly shifted without 
failure (for, e.g., 2nd -* 3rd speed or 3rd — 2nd 
speed shift). 

Specifically, if the second control oil chamber 

5 33d to which hydraulic pressure is supplied from 
the throttle pressure control valve 5 is provided in 
the 2-3 timing valve 33, the changeover of the 2-3 
timing valve 33 can be controlled so as to set a 
suitable timing of clutching changeover between 

10 the frictional engagement element (e.g., the fourth 
clutch CO) and the first brake B1. 

If the 3-4 shift valve 39 is provided with the 
port 39a communicating with the frictional engage- 
ment element hydraulic servo (e.g., the fourth 

15 clutch hydraulic servo Co), the port 39b commu- 
nicating with the brake releasing hydraulic chamber 
35, the port 39c communicating with the second 
input port 32a of the Bi modulator control valve 32, 
the line pressure port 39d, and the drain port 30e, 

20 the Bi modulator valve 30 can be restrained in the 
line pressure supply state when the other transmis- 
sion speed is selected (e.g.. the fourth speed), 
thereby positively maintaining this speed. It is also 
possible to prevent occurrence of any shift via the 

25 other speed. At the time of skip-down-shifting from 
the other speed to the predetermined speed (e.g., 
from the fourth speed to the second speed), the 
transmission can be shifted by one operation while 
the first brake B1 is maintained in the engaged 

30 state without being released, thereby kick-down 
rapidly and smoothly. 

The present invention is not limited to the 
above-described embodiments; it is intended to 
cover all changes and modifications which do not 

35 constitute departures from the spirit and scope of 
the invention. 



Claims 

40 

1. A hydraulic controller for an automatic transmis- 
sion for establishing a low transmission speed, an 
intermediate transmission speed, and a high trans- 
mission speed having 

45 a planetary gear unit, and 

a plurality of frictional engagement elements for 
establishing a transmission speed by engaging or 
disengaging an element of a planetary gear unit, 
having a band brake with a brake engaging hydrau- 

so lie chamber and a brake releasing hydraulic cham- 
ber for establishing the low and high transmission 
speeds by engaging the element of the planetary 
gear unit and establishing the intermediate trans- 
mission speed by disengaging the element of the 

55 planetary gear unit, 

said element of the planetary gear unit being stop- 
ped from rotating in the self-binding direction at the 
low transmission speed and rotating against the 
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self-binding direction at the intermediate and high 

transmission speeds by engaging another frictional 

engagement element of the plurality of frictional 

engagement elements; 

said hydraulic controller comprising: 

an oil pressure source, 

a primary regulator valve connected to the oil pres- 
sure source for regulating a line pressure, 
a shift valve device provided between the primary 
regulator valve and the brake releasing hydraulic 
chamber for connecting the brake releasing hy- 
draulic chamber to the primary regulator valve at 
the Intermediate transmission speed and discon- 
necting the brake releasing hydraulic chamber from 
the primary regulator valve, and 
a modulator valve device provided between the 
primary regulator valve and the brake engaging 
hydraulic chamber for supplying a line pressure to 
the brake engaging hydraulic chamber at a trans- 
mission speed other than the low and intermediate 
transmission speeds and supplying a modulated 
pressure from the line pressure therethrough to the 
brake engaging hydraulic chamber at the low and 
intermediate transmission speeds, 
whereby the element of the planetary unit Is not 
engaged with the band brake by the modulated 
pressure supplied to the brake engaging hydraulic 
chamber but rotating against the self-binding direc- 
tion when the modulated pressure is supplied to 
the brake engaging hydraulic chamber and the 
brake releasing hydraulic chamber is disconnected 
from the primary regulator valve by the shift valve 
device. 

2. A hydraulic controller for an automatic transmis- 
sion according to claim 1, 

said modulator valve device having 

a modulator valve provided between the primary 

regulator valve and the brake engaging hydraulic 

chamber, 

and 

a modulator control valve provided between the 
primary regulator valve and the modulator valve for 
supplying the line pressure to the modulator valve 
to connect the brake engaging hydraulic chamber 
to the primary regulator valve therethrough so as to 
supply a line pressure to the brake engaging hy- 
draulic chamber at the low and high transmission 
speeds. 

3. A hydraulic controller for an automatic transmis- 
sion according to claim 1 or 2, 

said shift valve device having 
a first shift valve provided between the primary 
regulator valve and the hydraulic servo of the an- 
other element for engaging or disengaging the an- 
other frictional engagement element, and 
a second shift valve provided between the primary 
regulator valve and the brake releasing hydraulic 
chamber for connecting or disconnecting the brake 



releasing hydraulic chamber to or from the primary 
regulator valve. 

4. A hydraulic controller for an automatic transmis- 
sion according to claim 3, 

5 furthermore comprising: 

a timing valve provided between the primary regu- 
lator valve and the second shift valve for connect- 
ing the brake releasing hydraulic chamber to the 
primary regulator valve through the second shift 

w valve in response to the line pressure applied to 
the hydraulic servo of the another element at the 
intermediate transmission speed. 

5. A hydraulic controller for an automatic transmis- 
sion according to claim 2 t 3 or 4, 

75 said modulator valve having a control oil chamber 

for receiving hydraulic pressure for its operation 

from a throttle pressure control valve, 

a line pressure supply port, 

a pressure modulation port for supplying a modu- 
20 lated pressure from a line pressure, 

a feedback port communicated with the pressure 

modulation port, and 

a restraining control oil chamber connected to the 
modulator control valve for supplying a line pres- 
25 sure thereto to supply a line pressure to the brake 
engaging hydraulic chamber. 

6. A hydraulic controller for an automatic transmis- 
sion according to claim 4 or 5, 

said timing valve having 
30 a line pressure supply port, 

a port communicated with the brake releasing hy- 
draulic chamber, and 

a control oil chamber communicated with the hy- 
draulic servo for the frictional engagement element, 

95 said line pressure supply port of the timing valve 
communicated with the port communicated with the 
brake releasing hydraulic chamber when the hy- 
draulic servo of the frictional engagement is sup- 
plied with hydraulic pressure and the hydraulic 

40 pressure reaches a predetermined level. 

7. A hydraulic controller for an automatic transmis- 
sion according to claim 6, 

said timing valve having a second control oil cham- 
ber for receiving hydraulic pressure for its opera- 
45 tion from a throttle pressure control valve. 

8. A hydraulic controller for an automatic transmis- 
sion according to any one of claims 3 to 7, 

said second shift valve having 
a first port communicated with the hydraulic servo 
60 of the frictional engagement element, 

a second port communicated with the brake releas- 
ing hydraulic chamber, 

a third port communicated with the modulator con- 
trol valve, 
65 a line pressure supply port, and 
a drain port, 

said second shift valve providing a communication 
between the first port and the second port, and a 
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communication between the third port and the 
drain port when set to a predetermined changeover 
position, said second shift valve dosing the first 
port and providing a communication between the 
second port and the drain port and a communica- 
tion between the line pressure supply port and the 
modulator control valve when set to another chan- 
geover position. 

9. A hydraulic controller for an automatic transmis- 
sion according to claim 8, 

furthermore comprising a third shift valve, 

said third shift valve having 

a line pressure supply port, 

an output port communicated with the line pressure 

supply port of the modulator valve, and 

a drain port, 

said third shift valve providing a communication 
between the line pressure supply port and the 
output port when set to a predetermined chan- 
geover position, closing the line pressure supply 
port and providing a communication between the 
output port and the drain port when set to another 
changeover position, 
said first shift valve having 
an input port communicated with the output port of 
the third shift valve, 

an output port communicated with the hydraulic 
servo of the frictional engagement element, 
a drain port, 

a line pressure supply port, and 
a port communicated with the modulator control 
valve, said first shift valve closing the input port, 
providing a communication between the output port 
and the drain port, a communication between the 
line pressure supply port and the port commu- 
nicated with the modulator control valve when set 
to a predetermined changeover position, a commu- 
nication between the input port and the output port, 
and a communication between the port commu- 
nicated with the modulator control valve and the 
drain port when set to another changeover position. 

10. A hydraulic controller for an automatic trans- 
mission. according to claim 9, 

said band brake being a brake capable of being 
engaged when a forward second speed is selected 
and capable of being engaged when a forward 
fourth speed is selected, 

said another frictional engagement element being a 
clutch capable of being engaged when a forward 
third speed is selected and capable of being en- 
gaged when a forward fourth speed is selected, 
said third shift valve being a 1-2 shift valve 
changed over for a shift between the first and 
second speeds, 

said first shift valve being a 2-3 shift valve changed 
over for a shift between the second and third 
speeds, and 

said second shift valve being a 3-4 shift valve 



changed over for. a shift between the third and 
fourth speeds. 

11. A hydraulic controller for an automatic trans- 
mission for establishing a low transmission speed 
5 and an intermediate transmission speed, and a 
high transmission speed having 
a planetary gear unit, and 

a plurality of frictional engagement elements for 
establishing a transmission speed by engaging or 

10 disengaging an element of a planetary gear unit, 
having a band brake with a brake engaging hydrau- 
lic chamber and a brake releasing hydraulic cham- 
ber for establishing the low transmission speed by 
engaging the element of the planetary gear unit 

75 and establishing the intermediate transmission 
speed by disengaging the element of the planetary 
gear unit, said element of the planetary gear unit 
being stopped from rotating in the self-binding di- 
rection at the low transmission speed and rotating 

20 against the self-binding direction at the intermedi- 
ate speed by engaging another frictional engage- 
ment element of the plurality of frictional engage- 
ment elements; 

said hydraulic controller comprising: 
25 an oil pressure source, 

a primary regulator valve connected to the oil pres- 
sure source for regulating a line pressure, 
a shift valve device provided between the primary 
regulator valve and the brake releasing hydraulic 
30 chamber for connecting the brake releasing hy- 
draulic chamber to the primary regulator valve at 
the intermediate transmission speed and discon- 
necting the brake releasing hydraulic chamber from 
the primary regulator valve, and 
35 a modulator valve device provided between the 
primary regulator valve and the brake engaging 
hydraulic chamber for supplying a modulated pres- 
sure from the line pressure therethrough to the 
brake engaging hydraulic chamber at the low and 
40 intermediate transmission speeds, 

whereby the element of the planetary unit is not 
engaged with the band brake by the modulated 
pressure supplied to the brake engaging hydraulic 
chamber but rotating against the self-binding direc- 
ts tion when the modulated pressure is supplied to 
the brake engaging hydraulic chamber. 



50 
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Fig. 2 
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Fig. 7 
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